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ABSTRACT 

 
Snake venoms molecules have been shown to play a role not only in the survival and proliferation of 

tumor cells but also in the processes of tumor cell adhesion, migration and angiogenesis. 125I-Crtx, a 
radiolabeled version of a peptide derived from Crotalus durissus terrificus snake venom, specifically binds to 
tumor and triggers apoptotic signalling. At the present work, 125I-Crtx biokinetic data (evaluated in mice bearing 
Erlich tumor) were treated by MIRD formalism to perform Internal Dosimetry studies. Doses in several organs 
of mice were determinate, as well as in implanted tumor, for 131I-Crtx. Doses results obtained for animal model 
were extrapolated to humans assuming a similar concentration ratio among various tissues between mouse and 
human. In the extrapolation, it was used human organ masses from Cristy/Eckerman phantom. Both penetrating 
and non-penetrating radiation from 131I in the tissue were considered in dose calculations. 
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1. INTRODUCTION 
 
Crotoxin (Crtx), a polypeptide isolated from Crotalus durissus terrificus venom, has been 
shown to have potent antitumoral activity against a variety of murine and human tumor cell 
lines [1]. Crtx is a complex formed by two subunits, one acidic with non-enzymatic function 
and one basic that is a PLA2 formed by a single chain of 122 amino acid residues [2][3]. Our 
group has observed that Crtx is a promising bioactive substance against breast cancer cells 
and interact with them for until 72 hours allowing good quality images of tumor [4].  
 
Soares [5] and Silveira et al, 2009 [6] showed that 125I-Crtx, a radiolabeled version of a 
peptide derived from Crotalus durissus terrificus snake venom, specifically binds to tumor 
and triggers apoptotic signalling. The aim of this work is to perform Internal Dosimetry 
studies from 125I-Crtx biokinectic data found in Soares et al, 2009 [4], applying the MIRD 
formalism [7]. 
 
 

2. MATERIALS AND METHODS 
 

In the present work, previous 125I-Crtx biokinectic data [4] were treated by MIRD formalism 
to perform Internal Dosimetry studies. Details of the experimental methodology were 
described in Soares et al, 2009 [4]. The Figure 1 shows 131I-Crtx biodistribution in several 
tissues at different times after intravenomous injection in minutes, and the Figure 2 shows 
131I-Crtx uptake evaluated in mice bearing Erlich tumor after intravenomous injection and 
after intratumoral injection. 
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Figure 1.  131I-Crtx biodistribution in blood, thyroid, heart, lu ngs, liver, spleen, 
pancreas, kidneys, stomach, intestine, bone, muscle, brain, cerebellum, ovaries, bladder, 
normal paw and tumor paw, at different times after i.v. injection. Data were expressed 
as the percentage of total injected dose per tissue weight (%ID.g-1). The color legend 
indicates time in minutes. 
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Figure 2.  131I-Crtx uptake in tumor. A) after intravenomous inje ction B) after                                          
intratumoral injection. 
 
2.1 Mouse Dosimetry 
 
From experimental data, the cumulated activity in each animal organ was determined by 
means of integration of the curves Ai(t) x t, where Ai(t) is the activity in the  
i-enth organ at the time t. The Internal Dosimetry was performed using the MIRD formalism 
[5]. In this formalism, the dose in each organ is done by: 
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where 

hA
~

 is the Cumulated Activity in the source region; 

)( hk rrS ←  is the Mean Absorbed Dose in the target region rk per unit of Cumulated 

Acitivity in the source region rh. 
 

The analytical expression for S is: 
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where  

i∆ is the mean energy emitted per nuclear transition; 

)( hki rr ←φ
is the absorbed fraction (energy fraction emitted by the radioactivity in 

the source region that is absorbed in the target region); 
m is the mass of source organ. 
 

For beta emission, it was used 1==Φ
m

φ
 
(non penetrating radiation). Using this approach 

the beta doses for mouse organs were determined. 
 
A simple mathematical relationship between the activity concentration in blood and that in 
the red marrow were used to estimates the activity in this organ [8]: 
 

[ ]
[ ] RMBLR

HCT

RMECFF

A

A

BL

RM =
−

=
1  (3) 

 
where 

[A] RM  is the activity concentration in the red marrow;  
[A] BL is the activity concentration in blood; 
HCT is hematocrit (volume fraction of red blood cells in blood). 
RMECFF is the red marrow extracellular fluid fraction; 
RMBLR is red marrow-to-blood (activity concentration) ratio. 
 
 

2.2 Human extrapolation 
 
Cumulated activity into human organs was determined by extrapolating of animal data. It was 
assumed a similar concentration ratio among various tissues between mouse and patient. This 
extrapolation converted mouse %ID.g-1 data to human %ID.g-1 data by adjusting organ mass 
difference between mouse and patient [9]: 
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where 
[A0] HO is the activity concentration (fraction of the total injected activity) into human 
organ; 
[A0] MO is the activity concentration (fraction of the total injected activity) into mouse 
organ; 
MHO is the organ mass of the human; 
MHB is the body mass of the human; 
mMB is the body mass of the mouse; 
mMO is the organ mass of the mouse. 

 
Organ masses of Cristy-Eckerman phantom [10] were used for humans and organ masses of 
athymic nude mouse [11] as used as reference mouse. This extrapolated human data set was 
used to perform human dosimetry. Both penetrating and non-penetrating radiation from 131I 
in the tissue were considered in dose calculation using Φ values from Cristy-Eckerman 
phantom. The Cristy-Eckerman Φ values were interpolated to obtain Φ values for 364 keV 
from 131I.  
 
 

3. RESULTS AND DISCUSSION 

 
3.1 Mouse Dosimetry 
 
Cumulated activities were obtained for the animal organs. Figure 3 shows a graphical 
representation of A(t) x t for the kidneys. Integration provides the cumulated activity (area 
under curve A(t) x t). Similar graphs were constructed for the other animal organs. 

 
 

 
 

Figure 3. Cumulated Activity in kidneys in %ID.g-1 x Minutes. 
 
The obtained cumulated activities are presented in Table 1. The last column presents a 
relationship between the cumulated activity in each organ and in the tumor. The red marrow-
to-blood concentration ratio (RMBLR) was calculated using the baseline value of 0.36 
(RMECFF = 0.19; HCT = 0.47) [8]: 
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Table 1.  Cumulated Activity and Relative Cumulated Activity 
for 131I-Crtx in Swiss mice with intravenomous injection 
 

Organ Ã (kBq.g-1.s/kBq) Relative Ã 
Marrow 0.77 0.00 
Thyroid 415.95 1.13 
Heart 143.4 0.39 
Lungs 706.26 1.92 
Liver 342.78 0.93 
Spleen 207.47 0.57 
Pancreas 63.4 0.17 
Kidneys 885.53 2.41 
Stomach 1398.73 3.81 
Intestine 98.92 0.27 
Bone 46.32 0.13 
Muscle 27.79 0.08 
Brain 14.45 0.04 
Cerebellum 18.26 0.05 
Ovaries 107.56 0.29 
Bladder 325.76 0.89 
Tumor 367.18 1.00 

 
From the cumulated activities, beta dosimetry for mouse was done. The doses obtained were 
presented in Table 2: 
 
 
 

Table 2.  131I-Crtx Absorbed Beta Dose for mouse 
 

Organ Dose (mGy/37kBq) 
Marrow 0.00 
Thyroid 1.04 
Heart 0.36 
Lungs 1.77 
Liver 0.86 
Spleen 0.52 
Pancreas 0.16 
Kidneys 2.22 
Stomach 3.50 
Intestine 0.25 
Bone 0.12 
Muscle 0.07 
Brain 0.04 
Cerebellum 0.05 
Ovaries 0.27 
Bladder 0.82 
Tumor 0.92 
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3.2 Human extrapolation 
 
Individual concentrations of 131I-Crtx in mouse tissues were extrapolated to patients assuming 
a similar concentration ratio among various tissues between mouse and patient. This 
extrapolation converted mouse %ID.g-1 data to patient %ID.g-1 data by adjusting organ mass 
difference between patient and mouse considering, respectively the Cristy-Eckerman 
phantom and Hui mouse model. 
The results are presented in Table 3. It was assumed a human patient ‘tumor’ (treatment 
target) mass of 100 g and mouse tumor mass of 0.024 g.  
 
 
 

Table 3.  Patient radiation doses extrapolated from mouse doses. 
It was assumed an intravenomous injection of a 370MBq 131I-Crtx 
 

Organ 
Absorbed Dose 
(mGy/370MBq) 

Effective Dose* 
(mSv/370MBq) 

Marrow 6.90E-03 8.28E-04 
Thyroid 3.72E+00 ─── 
Heart 1.28E+00 ─── 
Lungs 6.31E+00 7.58E-01 
Liver 3.06E+00 1.53E-01 
Spleen 1.85E+00 ─── 
Pancreas 5.66E-01 ─── 
Kidneys 7.92E+00 ─── 
Stomach 1.25E+01 1.50E+00 
Intestine 8.84E-01 ─── 
Bone 4.14E-01 4.14E-03 
Muscle 2.48E-01 ─── 
Brain 1.29E-01 ─── 
Cerebellum 1.63E-01 ─── 
Ovaries  9.62E-01 4.81E-02 
Bladder 2.91E+00 5.82E-01 
Tumor 3.28E+00 ─── 

*For organs with WT published on ICRP [12] 
 
 

4. CONCLUSIONS 
 
This report presents the internal dosimetry profile of Crtx calculated from the biokinetics data 
using a radiolabeled probe. The results suggest Crtx utility for tumor therapy, however, 
indicates high doses comparatively in organs as kidneys, stomach, lungs and liver for the 
intravenomous injection. This shows that this natural protein should be improved using 
pharmaceutical formulations, nanotechnology liposomes or changes in own molecule in order 
to improve the pharmacokinetics and route of excretion avoid kidneys and abdominal organs 
prolonged uptake. Preliminary studies for intratumor injection suggest that Crtx may provide 
interesting templates for development of a tool for targeted radiotherapy against tumors such 
as adenocarcinoma.  
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